Background Morphologic features of the proximal femur reminiscent of those seen in patients with femoroacetabular impingement (FAI) have been reported among asymptomatic individuals in Western populations, but whether this is the case in Asian populations is unknown. Questions/purposes The purpose of this study was to determine the prevalence of radiographic findings in the proximal femur that are consistent with FAI in asymptomatic Korean volunteers. Methods Two hundred asymptomatic volunteers with no prior hip surgery or childhood hip problems underwent three-view plain radiographs (pelvis AP view, Sugioka view, and 45°Dunn view) of both hips. There were 146 hips from male volunteers and 254 hips from female volunteers in the study. The mean age of all participants was 34.7 years (range, 21-49 years). Cam-type morphologic features were defined as the presence of the following on one or more of the three views: pistol-grip morphologic features, an osseous bump at the femoral head-neck junction, flattening of the femoral head-neck offset, or alpha angle greater than 55°. Pincer-type morphologic features were determined by radiographic signs, including crossover sign, deficient posterior wall sign, or lateral centeredge angle greater than 40°. Results The prevalence of cam-type morphologic features seen on at least one radiograph was 38% (male, 57%; female, 26%). The prevalence of cam-type features (at least one positive cam-type feature) was 2.0% (male, 6%; female, 0%) on the pelvic AP view, 24% (male, 36%; female, 17%) on the Sugioka view, and 30% (male, 47%; female, 20%) on the 45°Dunn view. The prevalence of pincer-type morphologic features (at least one positive pincer-type feature) was 23% (male, 27%; female, 21%) on the pelvic AP view. Conclusion The prevalence of FAI-related morphologic features in asymptomatic Asian populations was comparable to the prevalence in Western populations. Considering the high prevalence of radiographic hip findings reminiscent of FAI in asymptomatic Asian populations, it will be important to determine whether FAIrelated morphologic features are a cause of hip pain when considering surgery in Asian patients.
Introduction
Femoroacetabular impingement (FAI) is a topic of substantial interest. Considered to be an important cause of hip pain in young adults, FAI has been reported as a potential cause of early osteoarthritis of the hip [14] . FAI typically is The institution of the authors has received funding from Hanmi Pharmaceutical Co, Ltd, Seoul, Korea. Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved or waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research.
described as occurring as the result of asphericity of the femoral head (cam-type), overcoverage of the acetabulum (pincer type), or as a mixed type. However, the diagnosis is often difficult, and radiographic evaluation is controversial. FAI-related findings seen on plain radiographs include pistol-grip features, increased alpha angle, decreased femoral version, crossover sign, and increased center-edge angle. Although these morphologic features may cause pain and dysfunction in some hips, many hips remain asymptomatic, despite radiographic evidence of the FAIrelated features [38] . This had led many clinicians to question the prevalence of FAI-related morphologic features in asymptomatic individuals [5, 10, 17, 22, 23, 26, 27] . Studies from Western countries have reported a relatively high prevalence of these findings-up to 66% [5, 10, 17, 22, 23, 26, 27, 29] . Based on these studies, the emphasis is shifting to careful and prudent selection of surgical candidates for FAI. Many clinicians agree that FAI is a clinical diagnosis and treatment decisions should not be made based on radiographic findings alone [2, 29, 32, 33, 36, 39] .
The prevalence of asymptomatic FAI-related features in Asian populations is less-well studied, and previous studies report conflicting results, with prevalence ranging from 0.6% to 50% [12, 21, 25, 30, 44] . Moreover, some of these studies involve data from tests that were performed owing to problems unrelated to the hip, and it is unknown whether study participants were truly asymptomatic [25, 30] . Studies regarding the prevalence of FAI in a proven asymptomatic cohort of Asian populations are lacking.
Therefore, in the current study, we tried to determine the prevalence of radiographic hip findings reminiscent of those seen in FAI in asymptomatic Asian volunteers.
We asked: (1) Is the prevalence of radiographic hip findings reminiscent of FAI in asymptomatic Asian volunteers different from those reported in other populations? (2) Are the patterns of FAI-related morphologic features detected on radiographs different between populations? (3) Are there sex-related differences in the patterns of radiographic hip findings reminiscent of FAI?
Patients and Methods
Our institutional review board approved this study. Between December 2014 and March 2015, 200 volunteers were recruited from our hospital, providing 400 hips. The inclusion criteria were: (1) age between 18 and 50 years, (2) no history of previous or ongoing pain related to the hip, and (3) no pain elicited on physical examination of the hip. The exclusion criteria were: (1) previous diagnosis of hip disorders, including Perthes disease, slipped capital femoral epiphysis, developmental dysplasia of the hip, arthritis of the hip, and hip fracture; (2) current hip-related pain such as groin or buttock pain; (3) previous surgery of the hip or pelvis; and (4) contraindication to radiographic imaging, such as pregnancy. Informed consent was acquired from all patients, and no compensation was offered. There were 200 asymptomatic volunteers (146 hips in male and 254 hips in female volunteers) included in our series. The mean age of all participants was 34.7 years (range, 21-49 years) ( Table 1 ). All participants were nonathletes.
To confirm that all volunteers were asymptomatic, we performed a physical examination on each participant. Active and passive ROM (flexion, extension, internal and external rotation, abduction in 45°flexion), Patrick test, and impingement test, were evaluated with all participants lying in the supine position. The Patrick test was performed with the tested hip flexed, abducted, and externally rotated, and it was checked if this position elicited groin pain. The impingement test was performed with the tested hip in flexion (90°), adduction, and internal rotation.
All participants underwent the following three-view series of plain radiographs: pelvic AP view, Sugioka view, and 45°Dunn view of both hips. Pelvic radiographs were taken with patients in the supine position with a tube-tofilm distance of 40 inches (102 cm), with the tube perpendicular to the table. The crosshairs of the beam were centered on the point midway between the superior border of the pubic symphysis and a line drawn connecting the anterior superior iliac spines. The pelvic AP view was considered true when the coccyx tip and pubic symphysis were in line and the distance between them was between 1 and 3 cm, and both teardrops, the iliac wing, and obturator foramen were symmetric. Both hips were internally rotated 15°to 20°to better evaluate femoral neck geometry [7] . Sugioka views were taken with the hip flexed to 90°and abducted to 45°, and 45°Dunn views were taken with the hip flexed to 45°and abducted to 20°. With these views, information regarding the femoral head-neck junction can be obtained, especially on the anterior or anterolateral side [28] . All radiographs were reviewed by two experienced orthopaedic surgeons (PWY and THK) for the presence of FAI-related morphologic features. Cam-type morphologic features were defined as the presence of the following signs on one or more of the three views: pistol-grip features, an osseous bump at the femoral head-neck junction, flattening of the femoral head-neck offset, or alpha angle greater than 55°( Fig. 1) . A proximal femur with a severe aspheric head can resemble the ''pistol grip'', and other forms of camtype features may show flattening or a focal bump near the head-neck junction [20, 42] . The reviewers considered these signs to be either positive or negative. To evaluate the degree of asphericity, alpha angles were measured using the method of Nötzli et al. [35] . Although designed for use on CT or MR images, it is also a reliable and valid method for plain radiographs [4, 8, 32 ]. An imaginary circle was drawn that best fit the femoral head, and a line was drawn to connect the center of the femoral head and neck. A second line was drawn between the center of the femoral head and the point where the cortex of the femoral head exited the imaginary circle, and the angle between the two lines was measured. An alpha angle greater than 55°was chosen as the reference value and considered to be the camtype pathologic feature [25, 43] .
Pincer-type morphologic features were defined as the following signs on the pelvic AP view: crossover sign, deficient posterior wall sign, or lateral center-edge (LCE) angle greater than 40°. The crossover sign was considered positive if the line of the anterior wall crossed the line of the posterior wall before reaching the lateral edge of the sourcil. The deficient posterior wall sign was considered positive if the center of the femoral head was lateral to the posterior wall line. The LCE angle was measured using the following method: after drawing a reference line between the acetabular teardrops to correct for pelvic obliquity, a perpendicular line was drawn through the femoral head. A third line was drawn connecting the center of the femoral head to the superolateral sourcil. The angle made by the latter two lines was called the LCE angle [7] .
Only cases considered positive by both observers were defined as true FAI-related morphologic features. The intraclass correlation coefficient (ICC) with 95% CI was used to measure the interobserver and intraobserver agreements for continuous variables and the kappa statistic for dichotomous variables using SPSS Version 12.0 (SPSS Inc, Chicago, IL, USA). Observer agreement was considered slight if the ICC or kappa value was less than 0.21, fair if it was 0.21 to 0.40, moderate if it was 0.41 to 0.60, substantial if it was 0.61 to 0.80, and almost perfect if it Prevalence of FAI in Asymptomatic Asian Volunteers 2657 was greater than 0.80 [8, 24] . Interobserver and intraobserver agreements were almost perfect for the LCE angle and alpha angle on all radiographs; substantial to almost perfect in rating cam-type and pincer-type morphologic features.
Results
On the pelvic AP view, the prevalence of pistol-grip morphologic features, bump, flattening, and an alpha angle greater than 55°was 1.3% (male, 3.4%; female, 0%), 0.8% (male, 2.1%; female, 0%), 0.8% (male, 2.1%; female, 0%), and 0.5% (male, 1.4%; female, 0%), respectively ( Table 2 ). On the Sugioka view, the prevalence of a bump, flattening, and an alpha angle greater than 55°was 10% (male, 14%; female, 7%), 14% (male, 21%; female, 9%), and 5% (male, 12%; female, 1.6%), respectively. On the 45°Dunn view, the prevalence of a bump, flattening, and an alpha angle greater than 55°was 8% (male, 14%; female, 4%), 18% (male, 27%; female, 12%), and 8% (male, 16%; female, 3.5%), respectively ( Table 3 ). The prevalence of a cam-type morphologic features observed on at least one radiograph was 38% (male, 57%; female, 26%). The prevalence of a cam-type morphologic features observed on two or more radiographs was 19% (male, 31%; female, 13%). The prevalence of a cam-type morphologic feature (at least one positive cam-type morphologic feature) was 2.0% (male, 6%; female, 0%) on the pelvic AP view, 24% (male, 36%; female, 17%) on the Sugioka view, and 30% (male, 47%; female, 20%) on the 45°Dunn view. On the pelvic AP view, the prevalence of crossover sign, posterior wall sign, and LCE angle greater than 40°was 20.0% (male, 23%; female, 18%), 21% (male, 23%; female, 20%), and 2.0% (male, 2.7%; female, 1.6%), respectively. The prevalence of a pincer-type FAI (at least one positive pincer-type morphologic feature) was 23% (male, 27%; female, 21%) on the pelvic AP view.
Discussion
Recently, the prevalence of FAI-related morphologic features in asymptomatic individuals was reported in an effort to better understand the condition and its possible link to hip osteoarthritis [9] . However, there is a paucity of longitudinal data regarding FAI, and the eventual fate of these lesions remain uncertain in many patients who have them [38] . Establishment of the prevalence of FAI-related morphologic features may be the first step to elucidating its natural history. A high prevalence of asymptomatic FAIrelated features has been reported in Western populations [5, 10, 17, 22, 23, 26, 27] , but no clear consensus has been reached in Asian populations [12, 21, 25, 30, 31, 44] . Previous studies of Western populations [5, 10, 17, 22, 23, 26, 27] reported a prevalence of 14% to 66%, with the prevalence varying according to the imaging method, population (such as an unselected population or a population consisting of athletes), sex of those analyzed, and morphologic features of interest (cam, pincer, or all types).
Our results showed that the overall prevalence of FAIrelated morphologic features in the asymptomatic Korean population was 38% for cam-type and 23% for pincer-type lesions. These results are comparable to those of studies of Western populations [5, 10, 17, 23, 26] . The ability to detect these morphologic features appeared to increase when three radiographic views were used rather than a sole AP view, which is consistent with previous literature [4, 10, 26] .
Our study had some limitations. Our data were obtained from plain radiographs only, which might not be sensitive enough to detect all FAI-related morphologic abnormalities. The most sensitive method to detect FAI-related morphologic features would be axial and coronal images of the proximal femur obtained with CT or MRI. However, we could not expose asymptomatic volunteers to unnecessary radiation, nor could we perform MRI for all participants owing to its high cost. Radiographs are still the most popular method to evaluate patients with hip problems because they are simple to obtain and readily available. We believe that it is the most suitable method to screen for FAI-related morphologic features in most clinical settings. Another limitation of our study was that our cohort consisted of only Koreans and was too small to represent the entire Asian population. The fourth limitation was that exact reference values for alpha and LCE angles are not defined yet, and the prevalence rates may vary depending on the cutoff values. However, we believe that such factors are not significant enough to have influenced our major conclusions.
FAI has been suggested as a major cause of primary hip osteoarthritis [13, 14, 18, 39, 45, 46] . The prevalence of hip osteoarthritis is lower in Asian than in white populations [19, 34] , and some authors have reported that the low prevalence of FAI-related morphologic features in Asian populations might explain this phenomenon [11, 21, 44] . However, recent studies, including ours, show the opposite [25, 30, 31] . Our findings cannot explain the discordance between the high rate of FAI-related morphologic features and low rate of hip osteoarthritis in Asian populations [6] . Based on our results, there is not enough evidence to prove the conventional theory that FAI-related morphologic features are a strong predisposing factor for hip osteoarthritis. There seem to be other factors that facilitate these features that actually cause impingement and development of hip osteoarthritis, although little is known about them [3, 39] .
There have been few data for Asian populations regarding the prevalence of radiographic hip findings reminiscent of FAI, and most studies were on symptomatic patients [12, 31, 44] . Recent data based on CT images show a higher prevalence of FAI-related morphologic features in Asian patients with asymptomatic hips. Mimura et al. [30] investigated CT scans of 103 hips and found that 56.3% of hips had radiologic evidence of FAI-related morphologic features (51.5% had an alpha angle greater than 50°and 16.5% had negative acetabular anteversion). Kim et al. [25] retrospectively reviewed CT scans of 473 hips and concluded that 40% of the patients had at least one feature suggesting cam or pincer-type FAI (18% had an alpha angle [ 55°and 27% had an LCE angle [ 40°). Both CT-based studies were performed with patients who had CT for conditions unrelated to hip disorders, however, it is unknown whether study participants were truly asymptomatic. Simple AP radiographs tend to show a lower prevalence of FAI (14%-17%), whereas CT or MR scans show higher rates (39%-66%) [5, 10, 16, 17, 22, 23] . It is difficult to directly compare our results with those of Mimura et al. [30] , because they used a 50°cutoff value for the alpha angle to discriminate between cam and normal hips. With a cutoff value of 50°, an abnormal alpha angle was found in 14% on the Sugioka view and 28% on the 45°Dunn view in our study participants. The prevalence of an alpha angle greater than 55°in our study participants (0.5% on the pelvic AP view, 5% on Sugioka view, and 8% on 45°D unn view) is lower than that reported by Kim et al. [25] . However, 38% of our participants showed positive FAIrelated findings on at least one of three radiographic views. A notable finding is that the overall prevalence rate in our study, based on simple radiographs, was comparable to that of CT scans. Use of multiple lateral views might have yielded such results. Cam-type lesions usually are found on the anterior or anterolateral side of the femoral head-neck junction, which are not observed on standard AP views. Cam-type morphologic features were seen most frequently on 45°Dunn views, rather than Sugioka and pelvic AP views. This is consistent with the findings of previous studies that showed that the Dunn view is an effective method to detect cam-type morphologic features on the anterolateral side of the femur [4, 15] . Our results also show that a three-view radiographic study may be sufficient, although not as sensitive as CT or MRI, to detect FAI-related morphologic features [32] . However MRI, in particular, is better suited to assess the comorbidities associated with FAI, including osteoarthritis, chondral labral delamination, and labral disorders [27] .
Among the Western studies, similar results to ours was reported by Hack et al. [17] , who reported a prevalence of 14% cam-type morphologic features in 200 asymptomatic volunteers (400 hips). All participants were recruited from their hospital and underwent physical examination to exclude patients with symptomatic hips. However, when confined to the 1:30 position of the femoral head-neck junction, the prevalence of an alpha angle greater than 50.5°was 53%, and 33.5% had an alpha angle greater than 55°. Reichenbach et al. [37] reported that 24% of 244 randomly selected asymptomatic military recruits had FAI. However, based on their grading, they counted only severe morphologic features as FAI, and it seems that many uncounted subjects had an alpha angle greater than 55°. If our current selection criteria were used, the prevalence rate would have been much higher. Both studies used MRI and looked for cam-type lesions only, in contrast to our analysis.
Cam-type morphologic features are more common in males. Agricola et al. [1] and Siebenrock et al. [40, 41] reported a higher incidence of cam-type morphologic features in male athletes and suggested that these features might be caused by vigorous sporting activities during the adolescent period. We also found a higher prevalence of cam-type morphologic features in male volunteers on all three radiographic views, and as much as 30% on 45°Dunn views (47% in males and 20% in females). Jung et al. [22] reported a cam-type prevalence of 14% in males and 6% in females on AP pelvic CT scout views of 755 hips. Similar to studies of other populations [5, 17, 22, 26] , the prevalence of cam-type morphologic features was higher in males in the Korean population according to our results.
In asymptomatic Asian volunteers, the prevalence of observing cam-type morphologic features on AP pelvis radiographs is low, whereas the prevalence of observing cam-type morphologic features on Sugioka and 45°Dunn views is comparable to that of previous Western studies and is higher in males. The prevalence of pincer-type morphologic features in asymptomatic Asian volunteers is also comparable to that of Western populations and is similar in both sexes. Considering the high prevalence of FAI morphologic features observed on plain radiographs in asymptomatic Asian populations, it will be important to determine whether FAI-related features are a cause of hip pain when considering surgery in Asian patients, or whether this simply represents an anatomic variant. Longterm studies will be of benefit in this regard. We intend to perform a longitudinal study using our cohort to establish whether an association exists between FAI-related morphologic features and development of hip osteoarthritis in Asian populations.
